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ABOUT THIS ISSUE 

The theme of this month’s Experimenter, if we were given to themah'zing, 
might be "The Resolution Revolution." The lead article describes a counter 
that can give six significant digits of readout for a frequency as low as 0.6 Hz. 
At that point the right-hand digit is actually displaying microhertz, a unit prob¬ 
ably making its debut in print here. Moreover, this counter can make such 
ultra-low-frequency measurements in a second or less, thanks to a built-in 
computer that translates a multiple-period measurement into a frequency 
readout. . . . Then consider the resolution of the new digital impedance 
comparator (page 10). Here the percent magnitude difference between 
two impedances is spread over five digits, with five more digits indicating 
phase difference. Since the full-scale range can be as little as 10 percent, 
the comparator detects as little as 10 ppm difference between unknown and 
standard C, R, or L . . . Tolerances on inner and outer conductors of our 
GR900*^ reference air lines (page 26) are 100 and 50 microinches, respec¬ 
tively, electrical lengths are controlled to ±0.002 cm, and both conductors 
are overlaid with pure silver. The same attention to detail has produced a 
precision attenuator that represents a fivefold improvement in SWR over 
previously available units. 


The General Radio Experimenler is mailed each month without charge to engi¬ 
neers, scientists, technicians, educators, and others interested in the instruments and 
techniques of electrical and electronics measurements. Address all correspondence to 
Editor, General Radio Experimenter^ (leneral Radio Co., West Ckincord, Mass. 01781. 
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THE RECIPROMATIC COUNTER 

Automatic ranging, fast measurement of low frequencies, 
full use of six-digit resolution, and no-hands operation 
make the 1159 a most extraordinary counter. 


Addod convenience and sf)eed arc the 
key ideas behind much of today’s 
elTorts in instrument design. In the 
area of frc<|uency measurement, the 
dif^ital frequency counter has eliminated 
many of the tedious steps associated 
with older methods. Still, s(*venil naj^- 
ging problems have persisted, espe- 
^ cially in the arca of low-frequency 
measurement. 

One way of making a precis<* low-frc- 
c|ucncy measurement is to count the 
number of cycles of the unknown frc- 
(luency until the desired resolution is 
achievijd. But this takes time too 
much time in most cases. For examples, 
a 8ix-<ligit measurement of (K) llx would 
take over 2}^ hours by this method. 

A much faster way of getting high 
resolution is to measure period rath<T 
than frc<|uency — that is, to count not 
the cycles of the unknown signal but 
the higher-frc(|uency puls(\s from the 
counter’s time base?, using the unknown 
signal to start and to stop the count. 
If the counter time base is a l()-.\IIlz 
oscillator, there is no problem in pro¬ 
ducing a six-digit readout in a very 
short time (for our (iO-Hz mcasunuiient, 
about 0.1 second). 

A period readout, however, is the 
reciprocal of the frequency data usually 


desired and often required by specifica¬ 
tions. The operator can, of course, call 
on a calculator to perform the simple 
(conversion from period to frequency, 
but thLs is a time-con.suming and poten- 
iiall}^ error-pHslucing approach. 

A lietter solution is to build a special- 
purpo.se computer into the counter, 
so that a period mejisurcinent is dis¬ 
play (h 1 in terms of fre(|uency. Our 
approach to the design problem of 
adding a computer has led b) an excep¬ 
tional instrunuent with automatic rang¬ 
ing as well as neciprocak computation. 

THE RECIPROMATIC COUNTER 

Th(‘ fon^going is by way of introduc¬ 
ing OK’s new Kecipmmatic Counter, 
which has a fiXMjuency range of from 
O.fi IIz bj 20 Mllz, .six-digit resolution, 
and an avenige ineasununent time of 
100 milli.s(‘conds above fi llz, 1 .scccond 
down to O.fi llz. All six digits are always 
us<h1; a nieasurcrncmt at the counter’s 
low-frcqiKUHcy limit is actually prc- 
.sentetl with mirrnheriz rcstilution. 

.\utomatic ranging is one of the 
major f(‘atures of the new counter. As 
we have stcen ab<»ve, this implies auto¬ 
matic .selection of the nuinlK^r of 
|>eriod.s to be in(*asurcd. Many of the 
earli«?r, nonaubirnatic! counters with 
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FIgur* 1. Maoturamant tim* at a function of froguoncy. 


which we are familiar have decade 
period ranges (I, 10, 100 . . . peri(xls). 
Automatic systems for selecting the 
decade range are conceivable, but fur¬ 
ther reflection convinces us that this is 
the wrong approach. Suppose we prri- 
gram a counter to make a 1-period 
measurement from 10 to 100 llz, a 
10-period measurement from 100 to 
1000 Hz, a 100-period measurement 
from KXH) Hz to 1 kHz, etc. The 
measunmient time for such a system 
will vary from 100 ms at the low- 
frequency end of e^ch ntnge to 10 ms 
at the high-free I uency end. Since the 
resolution in a multiple-period meas¬ 
urement is proportional to measurement 
time, a sysU'in designed for a .specified 
resolution at the high end of a decade 
range will rtMpiire 10 times the measure¬ 
ment time and an e.xtra decade in the 
counting register for the low end, with¬ 
out gaining any usable incn*ase in 
resolution Decade ranges are necessary 
in standard, g(meral-purp()se counU»rs 
becau.se their only built-in coniputation 
facility is that of shifting the decimal 
point. If, however, we provide an 
instrume.nt with computational ability 
sufficient to calculate frequency from 
period data, then any convenient num¬ 
ber of p<»ri(Kls can lie measuri'd, and it 
is necessary only to count this numl>ee* 
and to use it as one input to the com- 

* Pairul applied for. 


putation. The quotient of periods' 
measurement time equals the frequency. 

With the foregoing approach our 
instrument can be programmed for an 
appro.ximately constant measurement 
time. The 1159 was de.signed to give a 
full six-digit n».solutioii and to u.se a 10- 
MHz clock. To obtain this n^solution, 
a measurement time of about 1(K) ms 
is required. The lowest frta|uency that 
can be mea.sured is that whose pt»rif>d 
is eciual to the maximum capacity of the 
counting register that counts clock 
cycles. We must make a .single-period 
measurement from this frequency up to 
twice this lowest fnM|uency, where we 
may then change to a twt>-p(*riod mea.s- 
urement. .Measurement time will de¬ 
crease from the maximum value to 
about half as much at the changeover 
point. .\t three tinu^ the lowest fre- 
(|Uency, where the two-|H»riod measure¬ 
ment time has decrt*ased t<» two-thirds 
of maximum, we may switch to a three- 
period measurerment and .so on, w ith the 
lower limit of measurement time in¬ 
creasing with each step. 'I'his program 
makes maximum u.sc* of register capac¬ 
ity to give the best possible resolution, 
but it is rather complicated because of 
the large number of steps. 

The simplest system would be to 
allow the measurement to be terminated 
by the first .signal pulse occurring after 
some predetermined measurement time 
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lat is slightly less than half of register 
capacity. This system makes inefficient 
use of register capacity, however, since 
it will Ik^ only al)out half full for most 
fretjuencies. A compromise system is to 
make the lower limit for measurement 
time a function of the numher of periods 
count4?d for the first few pt^rij>ds and 
e(|ual to the nominal time for higher 
numln^rs of p<‘ri(Kls. The II5I) was de¬ 
signed with a register capacit}^ of Hi? 
ms, which corresponds to a frequency 
of 5.91I Hz. The lower limits of nleasu^^- 
ment time are programmed as follows, 
with the results illustrated in Figure I: 


\umhrr of Minimum Metuture- 

PetiotU mrnt Timt 


1 

2 

3 

4 and higher 


78.6 ms 
91.8 ms 
98.3 ms 
101.6 ms 




Slccn Iteiitzeii received 
Ills ItSEE from Indiana 
liLstitiite of Terhfiolog}’ 
and his MSEE from 
Northeaslcrn University. 
He joined (leneral Itadiu 
in ItNVi and Is now a de¬ 
velopment engineer in 
(jH’a Frt*f|nenc*y and 
Time (irotip. He is a 
memlier of IEEE. 
Norman L. Westlake, 
a development engineer 
in (IH's Freipiency and 
Time (»nmp, received his 
Sc H fn>m Brown Uni¬ 
versity in lU41t and his 
.MSEE fnnn Northeast¬ 
ern University in litai. 
liefore joining General 
lltidio in mot, he held 
engineering (xxsition.s at 
Norlhea.'rtern Engineer¬ 
ing and Sanders .\sso- 
ciates. He is a member 
of IEEE. 


It should \yt* borne iu mind that the 
stt^p.s referred to in the above program 
do not repmsent range changes in the 
usual sense; that i.s, there is no iriU'r- 
ruption of the measurement, but only 
a decision as to w hen to terminate. The 
range (i.e., decimal-point position and 
measuretl units) is determined entirely 
in the subset|tient computation. 

In order to measure lower fretpien- 
cies, the measurement time must be 
increa.se<J. This is accomplished by the 
lowering of the clock frequency. In thtr 
1 IfiB, when the frequency drops ladow 
5.99 Hz, the clock frc*quency i.s auto¬ 
matically lowered to I MHz, permitting 
measurements down to 0.599 Hz. When 
the input freciuency rises to about 7.88 
Hz, the 1159 automatically switches 
back to the lO-MHz clock. A thn^^-posi- 
tion Uiggle switch on the contnil panel 
permits operaUjr override of this auto¬ 
matic clock-frequency selection in favor 
of cither the 1-MHz or 10-MHz clock. 


Computation in a small instrument 
initially seemed prohibitively compli¬ 
cated. .Vlthough th) availability of 
integrated circuits helped to bring this 
approach nearer to economic practi¬ 
cality, the key idea was tln^us<‘ of dual- 
purpo.se registers, which function in 
both the measurement and computation 
parts of the prognim. Our first eflforts 
along the.se lines involved schemes to 
employ standard counting registers in 
the computation Several such methiKls 
exi.st, but they are comparatively slow 
and, in sr>me ca.sc‘s, less accurate than 
desired. The 1159 employs two registers 
that can function either as counting 
rc*gisters or as shift registers by applica¬ 
tion of proper programming .Mgnals. 
'Fhe.sc* two regisU*rs count signal pulses 
and clock pulses during the measure¬ 
ment; during compuUition they l)e- 
come, respectively, the dividend and 
divisor n»glsters in a fairly standard 
serial computer. 
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The? mc*ih()<l of c(»nipuiation is t4) 
Huhtract the divisor from the divid(‘iui 
and to test for a positive remainder. 
If the remainder is positive, a pulst* is 
applied to the first decade of the quo¬ 
tient register and another subtraction 
is performed. When the renminder is 
negative, the divisor is added Uj r<*store 
a positive remainder, completing the 
raleulation of the first digit. The re¬ 
mainder Is then multiplicil by ten and 
the pn)ces.s rcqH'ated to calculate the 
.second digit. Tsually the dividend is 
initially smaller than the divisor (ex¬ 
cept where th(^ signal frequency exceeds 
the clock frecpiency), so that the first 
digit is usually zero. The (piotient 
register is de.signed to ignore such non¬ 
significant zero.s, h(»wever, and will wait 
until a non-J5en» digit is n^corded in the 
first decade liefore transferring iU input 
to the s<H;ond decade. The sUqis miuinKl 
to perform this normalization arc 
counted to determine decimal-point 
position and units. (/om|)Utation is 
continued until .seven digits have bfM*n 
computed, the la.st of which is not dis¬ 
played but is u.scd to generate a mund- 
ofT in the ({uotient register. The time 
required for computation depends up«ni 
the frequency, varying from about 150 
MS for 10.0000TMHz to about 075 fis 
for Hz. Because of this short 

computation time, the result is dis¬ 
played directly from the (piotient regis¬ 
ter without the need for bufTer storage. 

While the program of the Tvpk 1159 
ensures a con.stant sLx-digit rt*solution, 
accuracy depends upon the accuracy of 
the internal cry.stal oscillator and upon 
noise. With a resolution of 1 X 10** the 
accuracy requirements of the crystal 
oscillator are not severe in the light of 
presently available components, '^fhe 
crystal oscillator for the Typk 1159 


was neverthele.ss designed for gocxl Ion ^ 
term aging characteristics in order to 
make the time lM»tw(H»n ix^calibrations 
as long as pos.sible. In addition, facility 
is included for phase-locking the inter¬ 
nal oscillator to an exU*rnal lOO-kllz 
or 1-MHz reference .standard. 

The input <’ircuit is of viUd impor¬ 
tance to the performance of any period¬ 
measuring device. As discus.sed in a prtv 
vious article,* the accunicy of a period 
measurement is controlknl by the over¬ 
all signal-to-nolse ratio of the source and 
the input circuit. The noise of the ifiput 
circuit Is of two kinds: random noise 
generat(‘d by the .semiconductors in the 
circuit, and spiiriou.s signals harmoni¬ 
cally rt»late<l to the clock and computa¬ 
tional fre()uencie8. In order t4i obtain 
the lowe.st noise* level in the 1159, the 
input circuit has a linear input amplifier 
followed by a Schmitt trigg<‘r of com- ^ 
paratively large hystcre.sis. The effect 
of any noise in the Schmitt trigger 
is thereby reduced by tin? gain of the 
amplifier so that piTformance depends 
primarily upon the? nois(» level if the 
amplifier. Itandom noise is reduced by 
the circuit de.sign of the amplifier, while 
the spurious frwjuencies are reduced 
by careful shudding and dec*)Upling. 

The noi.si? level spi*cified for the Type 
1159 is .'>0 mV. The error in mca.sure- 
ment caused by additive noise is given 

by the formula H *= ^ where 


S/N is the over-all .signal-to-nolse ratio 
and n is the number of |ieri(jds mea.s- 
ured. For single-period measurements, 
this implies that the root-mean-squared 
error due to inU'mal noi.se Is nnluced to 
1 X lO** for a signal of IG volts rms 


1R. W. Fr&nk. "loput Nol«e," (ttn*ral Radio Bxptnmunter, 
February 1006. 
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wave), for two periods for a signal 
f 8 volts, and so on. At 1(500 periods 
the signal level needed to make internal 
noise negligible would be 10 mV rms, 
which is the specified instrument sen¬ 
sitivity. The formula no longer holds at 
this point liecause triggering no longer 
occurs at the axis crossing. For signal 
levels of 20 mV, however, internal noise 
will not aflfect accuracy at fre<iuencics 
over 8 kllz for the fast range or 800 Hz 
for the slow range. From the same 
formula we may infer that noise effects 
from the signal source will l)e negligibh; 
for S/N > 110 dB — 20 log n. At 1(500 
periods this reijuires S/N >4(5 dB. 

In the design of the input circuit, con¬ 
sideration must be given to the types of 
signal that will be measured. Pmbably 
the most common type of signal in fre¬ 
quency measurement is a noisy sinci 
^ wave with a small amount of distortion. 
In order to minimize the effects of noise 
N^dth this ty|>e of signal, triggering 
should take place at the steepest part 
of the waveform, which is the axis 
crossing. For this reason the 1159 was 
made ac-coupled. In order to preserve 
this relationship under large signal 
conditions, the signal is clipped sym¬ 
metrically before each stage of the 
amplifier. 

The 1159 input amplifier also has a 
programmable bandwidth, which may 
be changed in decade steps from 10 
MHz down to 1 kHz by a rotary switch 
on the control panel. By reducing the 
bandwidth to the minimum required 
by the signal, one may often obtain a 
significant improvement in signal-U>> 
noise ratio. 

For non-sine-wave signals, two addi¬ 
tional controls help the user to obtain 
best results from the 1159. First, a slope 
switch permits selection of either axis¬ 


crossing polarity for triggering. This 
allows the operator to choose the Steepl¬ 
er .side of a iionsymmetrical waveform 
or the side with less noisi? and jitt«»r 
(for example, the triggered edge of a 
one-shot). Second, a trigger-level con¬ 
trol helps to ensure triggering on low- 
level pulses with very low duty ratio. 

Although the elimination of range 
selection nunoves most of the program¬ 
mability re(|uirenient8, all the remain¬ 
ing functions mentioned in the pnH?e<l- 
ing pamgnipihs are programmable. 
Programming inputs nHjuire utl micro¬ 
logic input levels except for the display 
time (varial)le resistance) and trigger- 
level (variabhi voltage) inputs. Pro¬ 
gramming connections are made 
through a multiterminal connector on 
the rear panel of the counter. 

BCD data output is available at a 
multi-U*rminal connector on the rear 
panel. 'I'lie six digits of readout together 
with rang<* information anj suj>plied in 
I -2-4-8 BOD format at dtl logic levels, 
together with control signals for operat¬ 
ing the 1137 Printer, the 1130 Digital- 
to-Analog Converter and similar de¬ 
vices. 

By the u.sci of a presc^aler such as the 
Tvpb 1150 Decade Scaler or Tvpk 1157 
100:1 Scaler, the range of the Type 
1159 can be extended to 100 MHz or 
500 MHz with the .same six-<ligit resolu¬ 
tion and aut4jmatic ninging features. 
Because of its period-type? measun?- 
inent, the Type 1159 does not lose a 
factor of teai in resolution as is the case 
with conventional freepuency counters. 
A three-|>osition switch on the n‘ar 
panel of thi? instrument permits multi¬ 
plying the readout by a factor of 10 or 
100 to give direct readout when a 
prescaler is used. This last function, like 
all the other controls, is programmable. 
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APPLICATIONS 

The 1159 has applications in all an^as 
where general-purpose counters are 
used to measure frequency. Automatic 
range switching and constant six-digit 
resolution make it suj>erior to conven¬ 
tional counU^rs for rimny high frfMjuency 
measurements. Specific are^is of applica¬ 
tion include frequency measurements 
on crystal os(!illaU>rs, voltage-U>-fre- 
quency converters, and communication 
receivers and transmitters. The Typk 
1159 is outstandingly superior to con¬ 
ventional counters in the area of low- 
frequency mejisurementa, because* of 
the short measurement time nc*eded to 
produce high resolution. This character¬ 
istic is esiM'cially useful in meiisure- 
ments on transducers (such as flow 
meters and radiosondes) and on rotat¬ 
ing devices such as gyros and motors, 
as well os in acoustics, sonar, and vibra¬ 
tion measurements. 

Complete programmability and data 
output make the 1159 a natural com¬ 
ponent of fully automatic test setups 
for signal-source monitoring, filti^r and 
component inspection, etc. 

The 1159 is very useful in the routine 
calibration and setting of oscillators, 
signal generators, and other signal 
sources, since it allows the operator to 
calibrate each iK)int on a dial without 
having to select the range on the 
counter. Calibrations are possible over 
the entire wide frequency range of the 
1159 without Hisort to period measure¬ 
ment at low frequencies, ^'ho standard 
measurement rate of the 1159 of 10 
measurements per second is fast enough 
to allow the operator to tune the 
oscillator continuously with the counter 
continuously following his actions. 

Many low-frequency oscillators, such 
as the GR Type 1310-A, are stable 


enough to be set to drO.001% witl^^ 
the aid of an 1159, even though tl 
settability and accuracy of the ostdlla- 
tor dial calibration allow only dtz2%. 
More stable signal generators, like the 
GR Type 1003 Standard-Signal Gen¬ 
erator, can be s(‘t to ab0.f)(K)2% with 
the help of the 1159 and the fine-tuning 
adjustment of the g(»nerator. Using the 
generator dial alone, one can achieve 
only ±0.1%. For signal sources from 
20 U) 500 .Mllz, the 100:1 Type 1157 
Scaler or the 10:1 'Fype 1150 Decade 
Scaler can be used ahead of the 1159. 

The resolution remains a full six digits, 
and the decimal point as well as the 
units display remains correct. 

When us(jd in combination with a 
stable signal source, the 1159 lends 
itsedf to filter testing. For low-frequency 
filters, the 1159 gives fast six-iligit reso¬ 
lution without requiring that test speci- ^ 
fications be written and measurements 
made in U»rms of iMiricni. 

The high sensitivity of the 1159 (10 
inV^ rms over most of its freijuency 
range), coupled with symmetrical limit¬ 
ing of the input .signal, helps the 1159 
to read the signal fr<'(|uency even in the 
presence of large amplitude modulation. 

The 1159 will read correctly as long 
as the amplitude of the carrier wave at 
the negative modulation f>eak exceeds 
the maximum sensitivity of the counter. 

For the Type 1003 Standard-Signal 
Generator, the reading of the 1159 re¬ 
mains correct with amplitude modula¬ 
tions up to more than 90% when the 
counter is connected to the counter out¬ 
put of the generator. 

Other u.seful inpuUcircuit character¬ 
istics of the 1159 are high input re.sLst- 
ance and low input capacitance, 1 MQ 
in parallel with 27 pF (20 pF when the 
rear-panel input terminal is discon- 
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nectcd). These make it possible to use 
an 1158-0G00 Input Probe, giving a 
total input impedance of lO AH2 
shunted by 7 pF and a maximum sen¬ 
sitivity of 100 mV (200 m^’ at 20 
MHz) or better. The counter can then 
be connected to oscillators and circuits 
without loading them any more than 
a good oscillos(;ope would. 

The 11.50 \nll be ver>^ useful in pro¬ 
duction-line work. Its automatic range 
switching capability and excellent low- 
frequency performance permit an un¬ 


skilled worker to obtain a six-digit 
reading of any fretiuency between 0.0 
Hz and 20 MHz without ne<*d for 
manipulation of controls. The few con¬ 
trols connected with the input circuit 
and display time are covered by a 
hinged door in order U» prevent mi.siid- 
justmeni by curious t)roduction help. 
The use of thest* controls is unnc<?essary 
under normal use of the 11.50. 

-N. L. WBSTL.V K K 

S. Bextze.v 


SPECIFICATIONS 


Frequency* Meosurement Range: 0.0 list to 20 
MHz. In the fast mode, 0 Hz to 20 MHz; in the 
slow mode, 0.0 Hz to O.IHHK)!) MHz. Kxtend 
range to lOO or .500 MHz without loss of 
accuracy with OR 11SO (I0:l) or 11.57 (100:1) 
Scaler. 

Frequency* Measurement Accuracy: tb I X I0~'' 
± clock accuracy ± noise (see note). 
Measurement Rate: Sum of adjustnble display 
lime, 0.02 to 10 s and •, and metisuremont time 
of about 100 ms in fast mode or I h in slow 
mode. 

INPUT 

Sensitivity: 20 mV” rms at 20 NfHz; 10 mV” rms 
from 1 Hz to 10 MHz. 

Bandwidth: .\c-couplcd input, — 3 dU at approx 
1 Hz. Bandwidth switch sets —3 dFt points at 
approx 10 or 1 MHz, 100, 10, or I kHz. 
Impedance: 1 MU./27 pF for Up to .5-V^ pk*pk 
input; 0.67 .Mil.HO pF for up 200 V pk-pk. 
Input capacitance can be reduced by discon¬ 
necting either unused front- or rear-panel input 
connector. Front only, 20 j)F; rear only, 17 pF. 
Trigger Threshold; dr20 mV, adjusUilde. 

Slope: Positive- or negative-going, switeh- 
selcctod. 

CLOCK 

Internal: 10-MHz, third-ovcrUme quartz-crystal 
oscillator in proportional-controlled oven. 
Temperature Effects: <1 X 10“* fnmi 0 to 50X’ 
ambient. 

Warmup: Within I X 10“* in 10 minutes at 
25®C ambient. 

Stobility: Better tlian 8 X lO"’ ix?r day after 
1 month of operation; better tfian 1 X lO"* 
per year. 

External Control: Internal clock oscillator can be 
phase-locked Ui external lOO-kllz or 1-MHz 
signal of at least 1 V rms. 

GENERAL 

Programmobility: .Ml control functions can l>e 
programmed by contact closures to ground (2- 
to -F-mA sink current required) except display 
time, which requires an external resistance of 
0 to 100 kl2, and trigger level, which requires 0 
to ±5 V dc. 


Note — Noisi? affects precision of frequency 
nieasunmuTil. For additive noise on signal 
measureil, the t'rror in measurement will be 


t ‘, where N is the noise level and S th<? 
xMl 

signal level in I he Siinie units; n is the numl>er of 
IH*rind.s average<l. Ifilenially pn>(lu(*cd noLse in 
the rounter will dotermiiie the limiting error 
level. For the II.5VI, this internal noiw i.s approx 
.50 pV* rms. 


Data Output: 1-2—1-8 lU’D-lvrb output for 6 
dibits of data, decimal point, and measurement 
units. Data zero is 0..5 \” max (12-mA current 
sinking capability); data one is approx 5 \ 
l^ehind 6 kli. 

Dltploy: .Six neon readout tubes, automatically 
jKwitioned deeiinal i>oint, and measurement 
units. Dimensions can Ik* multiphed by 1, 10, 
or 100 with rear-panel switch fur use with 10:1 
or 100:1 prescaler. 

Power Required: 100 to l2o or 200 tu 2.50 V, .50 
tn 100 Hz, 60 W. 

Accetforiet Supplied: Bower cord, spare fuses, 
mounting hardware with rack moiiols. 
Aecessoriei Available: CiR 1156 ( 10:1 ) and 1157 
(100:1) Sealers, 1137 Data Printer, 113i» Digi- 
tul-to-.Vnalog Converter, 11.58-0600 input prolH- 
(available only with counter). 

Mounting: Rack-bench cabinet. 

Dimensiont (width X height x depth): Bench, 
10*2 X TTs X 15 in. (105 x 125 x 385 mm); rack. 
10 X 3Cj X 13* 8 in. ( I.S.5 x SO x 335 mm). 

Net Weight: IU*n<*h, 2(i lb (12 kg); rack, 10 
11) (0 kg). 

Shipping Weight: Ik'IK’ll, 35 lb (16 kg); rack, 
2S lb (13 kg). 


('altilag 
Xuinher 


1159.9700 

1159.9701 
1150-9600 


DfurrifUion 

1159 Recipromatic Counter 
Bench Model 
Rock Model 

P6006 Probe, Tektronix 
Catalog No. 010-0127-00 
(not sold separately) 


I*ricc 
in f^S^l 


$2235.00 

2235.00 


22.00 
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Figurt 1. Type 1681 Automatic Impedance Comparotor System. 


THE AUTOMATIC IMPEDANCE COMPARATOR 






The high-performance specifications 
of today’s electronic equipment require 
increasing u.se of precision components 
and force manufacturers and u.sers of 
components to check large (piantities of 
resistors, capacitors and inductors to 
close tolerances. The l(i80 .\utomatic 
Capacitance Bridge,* introduced in 
1904, repre.sented a major assault on 
the problems of high-volume measure¬ 
ments. This bridge can make two 
capacitance measurements a second and 
presents data in machine-readable as 
well as visual form. The success of this 
sy.stem wa.s immediate, and the KiSO 
and a.ssf>ciated ecpiipment can now be 
found in production, quality-control, 
and inspection in.stallations throughout 
(he world. 

The new 1081 Automatic Impedance 
Comparator System (Figure 1) is simi¬ 
lar in appearance to the 1080, and it 
boasts most of the 1080’s advantages, 
plus a few important ones of its own. 
Like the 1080, it can make measure¬ 
ments at high speed (00 to 1(K) per 
minute), and it presents data in both 


in-line digital readout and in binary 
coded decimal form for use with tape 
punches, card punches, computers, and 
other recording and handling ecpiip- 
ment. The chief differences are (1) that 
the capacitance bridge is designed 
primarily for capacitors, while the 
comparator is ecjually at home with 
resistors, inductors, and capacitors, (2) 
the comparator measures, not ab.solutc 
value, but percent difference between 
the unknown component and a stand¬ 
ard, and (3) the comparator, .spreading 
a 10- or l(K)-percent magnitude differ¬ 
ence over five digits, is capable of much 
greater accuracy than is the ir>80. 

.\ convenient, if oversimplified, way 
of de.scribing the new impedance com- 
panitor is to consider it as a digital 
version of GIFs long-popular lOO.VA 
analog impedance comparator* Both 
the 1081 and the lOO.VA expre.^s dif¬ 
ferences in impedance magnitude and 
in pha.se angle. The great advantages of 

» R. G. Fiillcji. "The Aiitommiie CmpaciUnce Bridne," 
Gemiral Radio Kiprrimenter. April I1MI.5. 

• .M. C. Holije and H. P. Hall. "A Hinh-Pieeiaion Im- 
pedanen Comparator." Grntral Radio Experimmtrr 
April 1950. 
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r ^*0 1681 over its older relation arc the 
iigh resolution of the digital readout 
and its compatibility with the auto¬ 
matic component-handling and data- 
handling equipment so vital in today’s 
technology, 

OPERATING FEATURES 

The 1681 is a fully automatic com- 
paris^m bridge providing direct reading 
in both magnitude and phase-angle dif¬ 
ference over a wide range of impedance. 
The high speed and self-balancing capa¬ 
bility of this comparator are obtained 
without sacrifice of accuracy or im¬ 
pedance range. Basic comparison ac¬ 
curacy is .tO ppm, and impedance range 
is 2 ohms to 20 megohms. The com¬ 
parator can detect impedance difference 
and phase-angle difference to lO ppm. 

The measurement decisions are made 
^ by a 1G72-A Digital Contnd Unit, 
whose circuitry has been described in an 
earlier article.* The operating modes of 
the digital control unit serve to illus¬ 
trate the versatility of this instrument. 

I. The HOLD RANGE provides speed 
and ma.\imum resolution of impedance 
values for components that var>' widely 

• Fulki. op. dt. 


in value from the standard. In this 
mode the bridge balance sequence starts 
at the most-significant digit. 

2. The TRACK coNTiNt ous mode pro¬ 
vides continuous tracking of the un¬ 
known from the standard. Balance 
starts from the previous measured 
value in the least-significant digit. This 
mode is useful for temperature-coeffi¬ 
cient mea.su remen ts, where small 
changes in the value of the unknown 
are l>eing measured. 

3. The TRACK SA.MPLED mode is used 
for measurements of components where 
the difference between the unknown and 
the standard is small. This is similar to 
the TRACK CONTIxrous mode except 
that balance is achievcKl here only on 
command of the operator. 

4. The RE.MOTE position disconnects 
the front-panel balance control and 
allows the operating mode to be selected 
externally by contact clo.sures. 

HOW IT WORKS 

Figure 2 is a block diagram of the 
1681 Automatic Impedance Compara¬ 
tor System. Basically, the 1081 is 
a tran.sformer ratio-arm comparison 
bridge with the unknown and standard 
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impedances serving as the remaining 
two bridge arms. The output of the 
comparison bridge is an unbalance 
voltage, which is measured by a second 
bridge, using conventional bridge-bal¬ 
ancing technujiies as de.scribed below. 

When the unknowTi and the standard 
are une(|ual, an unbalance voltage 
results who.se phase and magnitude rela¬ 
tive to the test voltage are a measure of 
the iinjMHiance difference. The unbal¬ 
ance voltage is fed into a high-input- 
resistance, low-input-capacitance ampli¬ 
fier so that no loading will occur at the 
output terminals of the compari.son 
bridge when high-impedance compo¬ 
nents arc measured. 

The amplifier’s high input imptHlance 
is achieved through use of a field-efTect 
transistor in a source-follower configura¬ 
tion. Input capacitance is reduced to a 
minimum through a guarding teehnupie. 
Altogether this provides an input im¬ 
pedance of about 1000 megohms and an 
input capacitance of le.ss than 1 pico¬ 
farad. 

In the ca.se of high-impedance mea.s- 
urement where shielded cable is us(?d to 
prevent pickup, the cable capacitance 
to ground will cau.se pha.se .shift and 
attenuation of the unbalance signal. 
The amplifier provides a low-impedance 
guard voltage, which can l)e u.sed to 
drive the amplifier input .shield at 
approximaUdy the .same potential as 
the input signal to eliminate the cable 
capacitance. The guard can effectively 
rc‘duce cable capacitance by a factor of 
about ’)00. 

The unbalance voltage (E|) at the 
output of the amplifier Ls measuix'd by 
another bridge circuit consisting of K|, 
a variable voltage, and the internal 
standards, Zi and Z 2 . If this bridge is 
unbalanced, the unbalance signal Is 


amplified and fed to phase detector 
which separate the error signal into 
real and imaginary components propor¬ 
tional to the pha.se-angle difference and 
the magnitude difference. These error 
voltage.s are fed to the digital logic 
circuitry, which controls electronic 
switches to change the reference volt¬ 
age, Et, until balance is achieved. 

At balance, the counter di.splays the 
magnitude and phase-angle difference 
between the unknown and the standard 
(in the comparison bridge) on an in-line 
n*adout with po.sitioned decimal point 
and appropriate measurement units. 

MEASUREMENT MODES 

Two measurement modes are pro¬ 
vided, to ensure the highest accuracy 
under a variety of conditions. Figures 
3 and 4 are simplifuHl diagrams of the 
circuitry used in the.sc' two modes. 

In the AU, AL, or AC mode, the 
bridge measures the impedance differ¬ 
ence as a percent of the standard 
impedance. This mode provides the 
most accurate magnitude-difference 
mea.<urements over a wide deviation 
range when the pha.se-anglo difference 
between the standard and the unknown 
is ver>" small. 

In the AO mmle, the bridge measures 
the impedance ditTerence as a percent of 
the average of the standard and un¬ 
known. This mode is most useful for 
accurate pha.se-angle-difTerence and 
impedanc(‘-matching measurements. 


AO Mode 


The AO mode can In? n'pre.sented by 
the bridge circuit^ * in Figure 3. If the 
voltages, E, across the inductively cou- 

* M. C. II. P. Hall, aiHl 1. G. Ranton. "An Instru- 

mrnt for the PrcciM* Comparuon of Impedance and I)i»> 
aipalioD Factor,'* ProctrriingM of Ikt Xaiional £loctronifa 
Cenfrrtnce. Vol. 10. 1056. 

* Hultje and Hall. op. cit. 
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ratio arms arc equal, the complex 
output voltage, Eo, is: 


E “ Z. + Z. 


The real part of this expression is: 


R, 



I + 


\MjiM 

i z.l + |2.l 

cos (O, — B.) — I 


1 + 


1Z,I |Z,J 
21Z.I 21Z.I 


If (B, — B.) is small, say loss than O.l 
radian, cos (0, — B.) =* unity and this 
equation reduces to: 


n — i^ «l ~~ l ^*l 

|Z,| + IZ.I 


Another approximation is necessary 
to have the bridge measure the im¬ 
pedance difference as a percent of the 
^ standard. If 1Z»| — |Z.| is very small: 

|Z,| - |Z,| ^ |Z..^ 

|Z,l 4- 1Z.I 2|Z.| 


In measurements of re.sistancc, capac¬ 
itance, and inductance, the in-phase 
component of the bridge output voltage 
is a measure of the percent difference of 
the relative components: 

~ ^ X lOO^),(—^‘X 100%), 
X 100%). 


This approximation is quite good for 
impedance differences less than 5% and 
is the basis for compari.son-bridge 
operation. For larger impedance differ- 



Figur* 4. Bosic bridge circuit in the AR, AL, or 
AC mode. 


ences, the bridge output becomes (juite 
nonlinear and correction is nece.s.sary. 
(The All, AL, AC nunle, de.^igned into 
the ir>8l comparator to overcome the 
necessity for correction due to this non¬ 
linearity, is discu.ssed below.) The 
imaginary part of the bridge output 
voltage in the AB mode is: 



sin (B, - B,) 


cos (B. - B.) 


-f 


iZcl 

2,z.r 2iz.| 


If Z, and Z, are une(|ual but the dif¬ 
ference is small and B, — B, is le.ss than 
0.1 radian, this expre.ssion reduces to: 



If relatively pure elements are u.sed 
(C, with D less than 0.1; R. with Q le.ss 
than O.l; L, with Q greater than 10), 
then (B* — 0.) === AD of C and L, or 
A(i of R. 


AR, AL, or AC Mode 

The bridge circuit for the All, AL, 
or AC mode is .'<hown in Figure 4. The 
unbalance bridge voltage is: 

K o ^ Z,^Z. 

E 4 kE„ Z. 4 Z/ 


r iiliir 


Figure 3. Bosic bridge circuit in the AO mode. 


If feedback from the output to the 
bridge is such that k = 1, then: 

I^ _ Z, - Z . 

E ~ 2Z. 

This is what is desired. 
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Robert K. l^)ng re¬ 
ceived his HiSEE and 
MSEE tlegree-s fn»m 
Northeastern University 
and joined (ieneral Ra¬ 
dio in 1004. Ah a develop¬ 
ment engineer in the 
l>ow-Frec|neney Im|H*d- 
anee (innip, he speeiai- 
izes in the design of 
bridges and csimpara- 
tors. He Is a memlwr of 
I'au lieta Pi and Eta 
Kappa Xu. 


The r(»al part of the formula is: 

/Eo\ _ |Z,| eo8(0, - 0,) - |Z,| 

Ai:/ 21Z.1 

For (Ox — Bn) le.ss than 0.01 radian: 



This appro.ximation is extremely 
good; it produces a maximum difference 
error of 0.005% for (O* — 0.) = 0.01 
radian. 

The imaginary part of the bridge 
unbalance Ls approximately equal to: 



if (Bx — Bd ^ 0.01 radian. 

Note that the pha.se-angle-tlifference 
error is directly proportional to the 
ratio of the unknown impedance over 
the standard impedance. This error is 
negligible in compari.sons of pure ele¬ 
ments (R, L, C) of approximately the 
.same value. 

In effect, conventional analog com¬ 
parison bridges have provided an indi¬ 
cation of the perc(‘ntage difference 
betwcTii the standard impedance ami 
the unknown impedance with re.spect 
to the average of the two impedances. 



Ideally, the reading should ropre.sen ' 
the difference between the* unknown 
and the standard impedances, ex¬ 
pressed as a percent of the standard. 
These two approaches produce different 
readings, but this difference is small 
when the unknown and standard im¬ 
pedances are ch)se in value. For large 
differences between the unknown and 
the standard the readings become 
widely different, as indicated in Figure 
5. For example, an accurate percent 
difference of 50% would read -{-4()% 
on one side and —00.7% on the other. 

Some analog comparators provide 
separate meter scales and individual 
mea.surement ranges to compen.siite 
for this nonlinearity. In the 1081, how¬ 
ever, the new AR, AL, or AC mode 
provides the de.sired indication over the 
total measurement range without cor- ^ 
rection. The other mode is al.^o avail- 
able and is labeled AB since it is espe¬ 
cially u.seful in the comparison of 
phase angles. 


APPLICATIONS 


Component Measurement 

The 1081 can be used to make fast, 
accurate compari.son measurements on 
almost any type of capacitor. With 
capacitors of very low value — under 
10 pF — the comparator can l)e made 
direct-reading in capacitance if a suit¬ 
able .shunting capacitor is connected 
across the detector. In lo.ss mcasun^- 
ments on low-lo.ss capacitors, the us('r 
can call on the 10-ppm dis.sipation- 
factor resolution of the 1081. 

For measurements on voltag(»-s(»nsi- 
tive capacitors, the test voltage can be. 
modified to meet Mil Specifications 
MII^C-11015C and MIL-C-:i‘J0ll for 
deviation measurements up to 10%. 
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The comparator will measure iuduc- 
tors, ill terms of induetance dilTerence 
in p<Teent. Thus the instrument can l)e 
helpful in the halamdnf^ of transformers 
and in the adjustment of inductors to 
prwise tolerances. 

Resistance measunmient — ai^ain as 
a percent dilTercmce from a standard 
is possible with the I(>81, Here also the 
high resolution of the companib>r can 
Ik* put to good us(* — in measurc‘ments 
of resistance drift, for example, as 
small as lO ppm. 

Sorting, Inspection, Quality Control 

As the number of components to be 
measured and sorted increa.ses, speed 
becomes more and more important. 
The 11)81, like its sister instrument, the 
1680 Automatic (’apacitancc Bridge, 
was designe<l for installation and^ use 
in automatic systems. (Jeneral Radio 
manufactures or can provide a wide 
array of input and fiutput aceessories to 
handle and to sort components and to 
record measurcment data (see Figure 0). 


Dielectric and Temperature-Coefficient 
Measurements 

The enterpri.Mng engineer or scienti.st 
will (prickly find many ways to take 
advantage of the spewed and re.solution 
of the 1681. Samples of dielectric mato- 
rial.s can be compartHl, with pnicise 
readout of imp(Hianc(*>niagnitude and 
phase-angle difTen*nces. Ten1p(‘rature- 
coefficient nrea.sur(»ments on compo- 
rnuits in environmental chambers 
usually involve deviation mea.sun»ments 
as a function of temperature, and here 
the comparator, with its lO-ppm resolu¬ 
tion and provision for automatic data 
collection, is of obviorts value. 

TEST SYSTEMS 


Input Devices 

Because so many different types of 
components can be m(*asured over such 
a wide irntKMlance rangi*, it is impo.ssible 
to provide a singl**, all-pirrpo.se terminal 
arrangement. In many cases, the con- 
ncMUion of the unknown component to 
the comparator can Ik? most convenient- 


15 



lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516)334-5959 *(800) 899-8438-FAX: (516)334-5988 








tlie 


♦ Experimenter 


COWITiQNING hawling 


mcasurcucnt a 
othck data 


RECORDING. 

MANOUNG 


I TRANSDUCE^ 


BIAS 

SUPPLY 


PUCTUWg 


ENVIRONMCNTAL 
CHAMBER 


1770 

SCANNI 


COMPONENT 

handler 


lATiC 

CE 

iisal 




thermometer 


1136-A 0/A 
CONVERTER 


I X-Y RECORDER | 


GRAPHIC 

RECORDER 


-TlffST- 

data 

PRINTER 




CAN BC SUPPtiCO BY CENCRAL RADIO 




h 


TYPEWRITER I 


MAGNETIC 

TAPE 

RECORDER 


Figwr* 6. Chort thawing intirumanft ond dtvicat thot con ba uted in an outomotic com- 
pononf-maotwring tytlam. Ganarol Rodio con twpply tytlamt including thota componantt 
indicotad by fintad biockt. 


ly made through the use of the I(i80-IM 
Test Fixture,* in which the components 
are manually insc^rted. 

Automatic input devices, such as the 
1770 Scanner System, arc? available for 
applications in which components must 
be connectc'd to the comparator in a 
prescribed automatic sEH|Uence. 

Output Devices 

Many output devices are available to 
rc‘cord the measured data. Among these 
are printc»rs, analog recorders, card and 
tape punches, typewriters, and nuig- 
netic tape recorders.^ 

The Tvi'e Ii:t7-A Data Printc‘r (dc?- 
signed for use with CtU digital c(|uip« 
ment) is probably the least expensive 
and simplc*st way of automatically 
obtaining a permanent record. 

In applications where the output data 
are de.sircd in the form of an analog 
plot, such as in temperaturc?-coefficienl 

• Kulkii. op. iHt. 

* 11. T. MrAltwr and R. F'. *'Autommlir Copocitor- 

Tmtinic Sy«trtna,“ GVncriii Rntiio RjperimtftUr, Nov-Dcc 
1V6G. 


ineasuremcmt.s. a Tyi»e IFIG-A Digital- 
t^vAnalog Converter can be used to 
translate the data output into a dc 
voltage or current for analog recording 
by the Tvpk 1521-H Clraphic Level 
Kc»corder. 

For those who wi.sh to record data in 
machine-readable form, punch(?d tape 
is the Iciast expen.sive solution. \ 
parallel-to-.s<‘rial convertcT must Ik* in- 
sertcnl lK‘tween the bridge and the tap? 
punch beoau.se the Bcn data from the 
bridge are punched serially on the tap? 
and the bridge output Is presented in 
parallel form. 

A card punch, such as the IBM 52(5, 
is the most common output device for 
obtaining machiue-n'adable records. 
The chief advantage of the punched 
card is that, after all the t’ata on a 
tested component have been punched 
on a single card, the card can move with 
the component. The Type 1791 Card- 
Punch C'oupler can be used as the 
parallel-to-8(*rial converter between the 
bridge and the card punch. 
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Typewriters and magnetic tape re¬ 
corders can also be used as output 
recording devices; they are generally 
seen only in large measurement sys¬ 
tems. 

Processing Equipment 

A useful member of the processing- 
equipment family is the new Type I78^i 
Digital Limit Comparator (similar to 
the 1781 Digital Limit Comparator)®, 
which compares the bridge reading 
against manually set limits to determine 
whether the measured component is in 
or out of tolerance. It provides go/no- 
go visual indication as well as relay 
contact closures for automatic sorting. 
Further information on this instrument 
is available on request. 

Standards 

An external standard is reejuired for 
the 1681. This standard may be a 
component identical to the unknown 
and selected for a nominal value, or it 
may be a calibrated, fi.\ed standard or, 
if more convenient, a variable standard. 
A wide selection of standards is avail¬ 
able: the Gil 1422 Precision Capacitors 
(for small values of C), the 1423, 1424, 
and 1425 Decade Capacitors (for large 


values of C), the 1433 and 1434 Decade 
Resistors, and the 1491 Decade In¬ 
ductors. 

BRIDGE OR COMPARATOR? 

The availability of both an automatic 
capacitance bridge (the OK 1680) and 
an automatic impedance comparator 
(the 1681), both at approximately the 
same price, will lead many to wonder 
which instrument is better suited to 
their neeils. In most instances, the 
choice should be easy. The bridge indi¬ 
cates capacitance and loss directly, 
the comparator indicates percent devia¬ 
tion from an external standard. The 
comparator offers greater resolution, 
and it measures resistors and inductors 
just as easily as it does capacitors. 

Bridge or comparator, the result is 
speed and convenience impossible with 
manually operated instruments. The 
higher initial price of the automatic 
instrument, examined in terms of cost 
per component tested, is seen as a true 
saving. Inde(‘d, for the high volume 
measurer of components,the automatic 
bridge or comparaUir is now an 
economic necessity. 

— R. Leong 

■ MoA]c«r and S«tl«, op. cit. 


SPECIFICATIONS 

Rangti for Measurement with Stated Accuracy 




Full 

Scale 

120 Hz 

400 Hz 

1000 Hz 

Resitfanc* 

2 a-20 MU 

100% 

10% 

10 11-2 ^A^1 

500 11-2 Mil 

1011-2 A4S1 

500 il-2 A411 

1011-2 MU 

500 U-2 Mil 

Copacitonc* 

20 pF-800 pF 

100% 

10% 

1 nF-IOOpF 

1 nF- 5 pF 

400 pF-50 pF 
400 pF- 2 pF 

200 pF-20 pF 
200 pF- 1 pF 

inductance 

400 pH-1000 H 

100% 

10% 

5 mH-1000 H 
200 mH-1000 H 

2 mH-200 H 
50 mH-200 H 

600 pH-100 H 

30 mH-lOO H 


FULL-SCALE RANGES 

Mognitwd* Difforonce: und 4*100^^ 

—'(, full scale. 

Pho«e-Angl« Difforonce: 4:0.1 aod 4:1 radian, 


full scale. The phase-angle difference is very 
nearly equal to the 1) difference (C and L) and 
the Q difference (R) when Uic D or Q is less 
than 0.1. 
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Accurocy of R, l« or C Difftronco at Forcont of 
Stondord. 



ACCURACY 

Sit, Jil, ^C Mootwromont Mode 
Mognitude Difference (iis % of stamlard): dt:\\% 
of muJiriK -f O.OOl AO (in coutiUi) -I- 5 r<»unt«l. 
Phote.Angle Difference: db|I% of roadillK 4- 
0.005 AZ (ill (’ountd) + 5 rountul 4- lulditionul 
error when large magnitude tiifferences art* 
mcanured. Curreetioii ehart supplied. 

AO Meoturement Mode 

Mognitude Difference (os of average of un¬ 
known and standard): :fc|I% of reading -f 
0.001 AO (in I'ounta) + 5 counts|. Heading 
in this mode difTers from ^i-of-standnrd when 
deviation ^ I'i. A correction chart is supplied. 
Fhote-Angle Difference: d:Il% of rt^adilig -f 
0.005 aZ (in counts) -f 5 counts!. 

Mox Retolution: O.OOl^ri 0.0(X)0I radian. 

Effects of Leodt: Ftir hij^h-impedanre measure¬ 
ments with innut shield guardiMl, shielded 
(‘aides up to 3 feet long can be used with<»ut 
significant error fn>m cable capacitance. 

Voltage Across Stondord ond Unknown: 0.!t V for 
100',<’-full-scale range: V for 10'J range. Test 
voltage (*an la* modified on recuiest to m(M*t 
.\IILS|M‘cificalion8 .MIL-C-11015Cand .MIlv-C- 
.T.K)I4 on c4‘ramic (’apncitors. 

Dc Bios: Can lx* intrixluced from external soiin’C. 
Disployi Tw’o 5-digit banks of bri^t-light, nti- 
ni(*rical indicattirs with de<*imal |>oi(it and units 
of measurement, l^mp burnout (hK*8 not afTeirt 
instrument ofieration or c<xied output. Lamps 
can lx* n*placed from fnmt panel. 

Remote Control: Start and balaiK'e controls can 
be activated remotely by contact clo8ur(*8. 



Numerical Doto: 10 digits BCD 1-2-4-2 (Tode. 
Print Commond (at completion of balance): 
Change from "!’* level to “0” level. 

Signal Levels: “1" level, 0 V; “0” level, —12 V; 
both with respect to reference line at H-OV 
above chassis ground. ImfXHlance of lines 12 kll. 
Measurement Rote: Panel control allows adjust¬ 
ment of measurement rate so that display time 
between measurements is Iwtween approx 0.1 
and 5 s. The rate can lx* set manually or re¬ 
motely at any rate compatible with balance 
time. 

Other Measurement Frequencies: With internal 
m<xlification, the measurement fn*quencie8 can 
be changed to any value between 100 Hz and 
2 kHz. 

GENERAL 

Power Required: 105 to 125, 195 to 2.35, or 210 
to 250 V, 50 to 1)0 Hz, 100 W. Internal 120-Hz 
oscillator is locked to power line for (>0-Hz 
o{)eration. 

Auxiliary Controls: Sensitivity control on front 
panel can be used to minimize balance time 
with a resulting decreasi* in accuracy. Self start 
(when component is conn(‘cted) or ext start (by 
contact closure) can be selected with a rear- 
panel switch. 

Accessories Supplied: Ha(*k-mounting hardware 
with rack nuMlcl.s; [jower cord and spare fuses 
with all mtxiels. 

Accessories Available: KigO-Pl Ti*8t Fi.xture; 
U, 1.. and C standards and decade Ixixes; 
various (lit digital-data-acipiisition instru¬ 
ments and system components. 

Mounting: Supplied with hardware for rack 
mounting or assembled in cabinet for liench use. 
Dimensions (width X height X depth): Bench, 
l»'*i X 12 X 19 in. (195 X 305 X 485 mm): 
rack, 19 X lOH X 18 in. (185 X 270 X 4G0 
mm). 

Net Weight: Bench, 70 lb (.35 kg); ruck, 71 Ib 
(XJ kg). 

Shipping Weight: Benc’h, 100 lb (74 kg); rack, 
14.') 11) (07 kg). 


CntfUog 

X umber 

Description 

Price 
in L'SA 

1681.9700 

1681 Automatic Imped¬ 
ance Comparator 
System 

115 V, 60 Hz, Btnch 

$4975.00 

1681-9701 

115 V, 60 Hz. Rack 

4975.00 

1681-9702 

115 V, 50 Hz. Bench 

on request 

1681-9703 

115 V, 50 Hz, Rock 

on request 

1681-9704 

220 V, 50 Hz, Bench 

on request 

1681-9705 

220 V, 50 Hz. Rzck 

on request 

1681-9706 

230 V. 50 Hz, Bench 

on request 

1681-9707 

230 V, 50 Hz, Rock 

on request 

1680-9601 

1680-PI Test Fixture 

95.00 

U.S. Poient Appitee for. 
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NEW WIDE-RANGE RF SOURCES 


Several recent additions to the Gen¬ 
eral Radio line of wide-range, general- 
purpose laboratory rf power sources 
should enhance an already excellent 
reputation for performance, versatility 
and deix^ndahility at a reasonable price. 
Two new vhf and uhf oscillators provide 
increiuuHl frc(|uency coverage and im¬ 
proved modulation capability. Three 
new nuxlels of the power supplies offer 
regulated dc heater voltage for im¬ 
proved oscillator stability. The new 
oa<*illators and power supplies are pack¬ 
aged for quick, easy in.stallation and use 
together, whether on the bench or in a 
^relay rack. 

The new oscillators have the low- 
noi.se sideband level es.sential in the 
local o.s<Mllator of a simple superhetero¬ 
dyne receiver using a wide-band single- 
sideband mixer. In the Type 1241 Het¬ 


erodyne Detector (.see page 24), the 
1236 I-F Amplifier and the 874-MR.\L 
Mixer are u.scd with the.se oscillators to 
create a precision calibrated receiver. 
Typical sen.sitivity is — UK) dBm for a 
3-dB meter deflection over residual 
noi.se with a O.o-MHz bandwidth. The 
ascillators achieve both low noi.se and 
complete freedom from nonharmonic 
di.screte spurious frecjuencies in their 
outputs through the u.se of high-Q tank 
circuits operated at high level in a 
fundamental-fre<|uency mode. 

56 to 500 MHz in One Bond 

The 1303 o.scillator delivers power 
typically in exi*e.ss of l.')0 mW from 50 
to .500 MHz (.see Figure la) and replaces 
the popular Type I208-C\ As a local 
oscillator in the 1241 Heterodyne De¬ 
tector, it provides fundamental mixing 



Figure lo. Output power Into 
50-ohm load for Type 1363 
Oscillotor. 


Figure 1b. Output power 
into o 50-ohm load for 
Type 1362 Otcillotor. 
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500 MHz lA^t/div 

Flgur# 2a. Typical rita time, tiarfine delay, and jiNer when 
the 1363 Oscillator is pulsed by the 1264 Modulating 
Power Supply, driven by a 1217-C Pulse Generator. 
Oscillogroms show modulating and modulated pulse 
shapes at frequency extremes of the 1363. 


for .«<ignal frequencies from 40 to 530 
MHz. The ba.sic wide-range tuiier‘ con- 
sist.s of a variable inductor and a varia¬ 
ble tuning capacitor, con.structed as an 
integral unit. This fundamental-fre¬ 
quency Lc oscillator circuit is inher¬ 
ently more stable than nc or beat- 
frequency circuits. In the new oscilla- 

* E. Ksrplu*. ** VHF and UHF Unit OecilUtor*.** General 
Radio Experimenter, May 1050. 


tor, we have increased the tuning 
range while retlucing the number of 
wiping contacts from two to one by^ 
using a fi.xed network to suppress the 
unwanted resonance in the unu.sed 
portion of the tuning inductor. 

Other important circuit changes en¬ 
sure compatibility with the 1264 power 
supply, making passible both square- 
wave and pulse modulation (Figure 
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^a). A front-panel output control is 
rovided, and the rf output connector 
can be installed either on the front or 
at the rear of the instrument; the user 
can change the locuition in a few mo¬ 
ments without any special tools. The 
GU874® output connector can be easily 
converted by means of (JU874 adaptors 
to any popular (toaxiul connector series 
(BNfr, c, N, TNc, osm/bum, Microdot, 
etc). 

220 to 920 MHz in One Bond 

The 1362 Oscillator, with an output 
power typically in excess of 2.70 mW 
from 220 to 920 MIlz (Figure lb), 
8U|)cr.sedes two widely us<h1 oscillators, 
the 1209-CL and the Tvpk 1209-(’. 
I’he frecjuency range of the new os<*il- 
lator includes the entire uhf airenift 
communications band (220 40(i Mllz) 
and the uhf TV' Imnd (470 8‘K) Mllz), 
with margin to spare at the top end.* 
The tuner is a noncontacting butterfly 
similar to that used in the Ciirlier oscil- 
lators.*»* 

The oscillator tube is the new planar 
triode Type V'-l20() developed by Gen¬ 
eral Electric Company in close collabo¬ 
ration with General Radio (Figure 3). 
This tiny ceramic tube has both the 
low interclectrode capacitances re- 
quin^d for wide tuning range and the 
stable cathode of high emission capa¬ 
bility re<|uired for high power output. 
I'he cathode operates at a moderate 
temperature, en.suring long, trouble- 
free life. This tula* has demonstrated ita 
excellence in hundreds of recent pro¬ 
duction 1209 oscillators and in the 
high-performance Type 1020 Stan¬ 
dard-Signal Genenitor.* 

The output system is a waveguide- 
below-cutoff piston, calibrated over a 
range of 80 dB and adjustable from the 



Figure 3. Inluriur vi«w of the 1362 OtcHloler 

shewing now OE Y-1266 plonor triodo. 

front panel. As in the 1361 Oscillator,^ 
it is keyed :igainst rotation and can 
readily be re.s<»t to a previously deter¬ 
mined p(»sition. ItidcH^ution of the out¬ 
put coupling l<M)p relative to the butter¬ 
fly and the us4» of aperiinlic damping to 
suppress an interdigital rotor resf>nance 
result in minimum harmonic content 
and a very smooth output-versii.s-fre- 
(piency characteristic at any setting of 
the output att4‘niiator. 

liCveled operation over the entire os¬ 
cillator tuning nmge with a single set¬ 
ting of the output attenuaUir can be 
achieved by means of the 126^1-C Am¬ 
plitude Regulating Power Supply. 'Phis 
combination delivers 20 mVV into M) 
ohms (-f 13 dBm), either peak, with 
l-kllz s(|uare-wave modulation, or cw. 
The level can be nnhiced as much as 
20 dB if desired l^eveled performance 
is shown in Figure 4. AlU'rnatively, new 
circuitry permits iliri'ct connection to 

< thui. 

Karpluv, Hutt4*rfly Gimiit.** Gtnrml KaHto 

Kxpenmentrr, OriolM*r I»44. 

>0. P .McGmirh. '* \ Nrw .lOO-MHt Sun4UM-.SiBruil 
G«*nrnit4»r.'‘ Otnrml HaHte Kxverimmnter. Marrli IWll?. 
*(i. P. MrCoucIi, "A N»»w UIIF Sixniit Sourw," (ittutral 
Hmita Kx^rimenler, Marrh lUlil. 

* Tlir rricion ti«*lo\v 220 Mllit in covrmi liy ImjIIi the 
Tvi'K OncilliiUir (60-260 MIU, nonconUriinic tuner; 
an«l the new 1.403, The region above 920 MHi ie rovered 
xi'u^r Mill) and the 1218 (900-2000 
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Figwr* 4. R^cordingt 
showing lovolod gor> 
formonco of o 1362 
Oscillotor poworod by 
o 1263.C Amplitudo- 
Roguloting Powor 
Supply. 


EIP 



the 12G4-H Modulating Power Supply, 
making possible both s(|uare-wave and 
puls(* riKHlulation (Figure 2b). Full 
power output is delivered during the 
“on” period and the osctillalor is com¬ 
pletely cut off during the “off” periwl. 

Improved Stability from New Power 
Supplies 

The new power supplies offer a major 
improvement in fre<|uency and ampli¬ 
tude stability as well as incn»as(‘d tube 
life, obtaiiK^d by dost? regulation of 
heater as well as plate supply voltage. 
The advantages afforded by regulation 
of bfith supplies have l>een clearly estal)- 
lishixl by some years’ experience with 
the 12I»7-A Power Supply. Well regu¬ 
lated dc heater supplies have now l)een 
incorporaUd in the 12tk*i-C Amplitude 
liegulating Power Supply and in the 
12r>4-B Miniulating Power Supply. 

Recent rede.sign of the 1207 to a 
“H” model pennitted us to maintain 
thc» excellent sp(H!ifications of its pnaJe- 
cessor while simplifying the regulators 
and introducing a dual primary power 
transformer so that a single mcxlel now 


operates on either 115- or 230-V lines. 
In all three power supplies, the heater 
regulators are set U) deliver 0.5 volts, 
thereby allowing 0.2 volt for the drop 
t hat occurs in the heater rf lilters in the 
o.s(!illHU>rs. 

An important feature of the Tvpe 
12t>4-B .Modulating P<»wer Supply is the 
internal l-kHz s<|uanvwave generator. 
A .sample of the l-kllz .signal has IxH^n 
bn>ught out to the modulation termi¬ 
nals for u.sc in synchronizing oscillo- 
.scop.? sweeps; conversidy, a synchroniz¬ 
ing .signal fn)m an external o.scillator 
may Ik? injected here. 

In the late.st model of the 1204, it is 
much ea.sier to set tin* 1-kIlz frequency 
to the exact center f)f the narrow pa.ss- 
band of a highly sidectivc detector 
amplifier, and then? is an order-of- 
magnitude impnivement in the .stabil¬ 
ity of the frequency once it is set. 

The improved .settability of the 
l-kllz fre«|uency has l>een achievefi by 
means of a dual potentiomeU»r with 
controlled backlash, operated from a 
single knob. I'he procedure is to tunc 
with slight overshoot, then, as the con- 
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Figure 5. Stobilify of 
a 1218-B Otcillotor — 
1264«B Power Supply 
Combination used in o 
«lotted-line recording 
system. 


trol is backed up, only the vernier po¬ 
tentiometer comes into play over an arc 
of 40 degree.s. This .single control i.s far 
ea.‘<ier to use than is the conventional 
dual concentric knob coarst?/ fine combi¬ 
nation. 

The stability" against line voltage of 
a I2t>'l-B used to power a 1218-H Oscil¬ 
lator in an expanded-scale swu-measur- 
ing system* is shown in Figure 5. 
The 12G4-B is also ideal for use with 


other Oeneral Uadio high-fre(|uency 
oscillators as a source for conventional 
slottc*d-line measurements u.sing the 
new high-stability 1234 Standing-Wave 
Meter.* 

— G. W McCoucii 

A brief biography of Mr. Mc<?oiirli appeared in 
the March lUbT Usiie of the Ex|)criimMiler. 


‘A. K. Ssmlenmn, **A SIuIUmI Line Itrcordrr Syntptn,** 
O 0 n«ral Radio KxpertwunUr, January Ittikl. 

* M. Khaxara. "A Ilich-RcaoluUoo SWR Mrtcr", 
Oeneral Hmito ExperimanUr, February IWtiS. 



Typo 1362 UHF Oscillolor with 
Typo 1267-B Roguloted Powor 
Supply. 


Comploto spocificoMons for Iho instrumonfs doscribod in this orticio oro givon in General 

Radio Catalog T 


Catalog N umber 

Description 

Price in USA 

1362 9701 

1362 UHF Oscillotor 

$395.00 

1363-9701 

1363 VHF Oscillator 

395.00 

1263 9703 

1263-C Amplitude-Regulating Power Supply 

550.00 

1264-9702 

1264-B Modulating Power Supply (115 V) 

415.00 

1264-9703 

1264-B Modulating Powor Supply (230 V) 

415.00 

1267-9702 

1267-B Roguloted Powor Supply 

195.00 
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Oscillator—Power-Supply Combinations 


OAcilUitor 

Power Supply 

Mouhling 

Catalog 

Nnmlier 

Price 
in USA 

1363 

1269-A* 

Bonch 

1363-9419 

$490.00 



Rock 

1363-9509 

515.00 

(56-500 MHx) 

1267-B 

Bonch 

1363-9417 

590.00 



Rock 

1363-9507 

615.00 


1264-B 

Bonch 

1363-9414 

810.00 



Rock 

1363-9504 

836.00 

1362 

1269-A* 

Bonch 

1362-9419 

490.00 



Rock 

1362-9509 

515.00 

(220-920 MHx) 

1267-B 

Bonch 

1362-9417 

590.00 



Rock 

1362-9507 

615.00 


1264.B 

Bonch 

1362-9414 

810.00 



Rock 

1362-9504 

836.00 


1263-C 

Bonch 

1362-9413 

945.00 



Rock 

1362-9503 

971.00 


* 8«e Aufuit 1963 



Type 1363 UHF Otcilloter with Typ« 1236 l-F Amplifier, principal components of o 
Type 1241 Heterodyne Detector. 


NEW HETERODYNE DETECTOR 


GH\s Tyi*k 1236 l-F Amplifier,* 
Tvpk 874-MKAL Mixer,’ and the oscil¬ 
lators introdtured elsewhere in this issue 
constitute the main elements of a highly 
scmsitive high-fre(|uency heterodyne de¬ 
tector for relativ'(*-signal-level measure¬ 
ments and for use as a null detector. Wo 
now offer the entire package, including, 
in addition to the above, a lO-dB pad, a 
IK)® ell, and an appropriate low-pass 
filU^r. The assembly is available as the 
Type 1241 Heterodyne Detector. 


24 


Applications for the heterodyne de¬ 
tector are almost limitless. It can be 
us 3d to measure insertion loss, attenua¬ 
tion, crosstalk, antenna gain, and radia¬ 
tion pattenis. It is, of course, a sfuisitive 
high-frequency receiver. When cali¬ 
brated at one signal level and fre- 
(juency, it can be used at that fre(|Ueiicy 
as a selective voltmeter in a oO-ohm 

< M. KhoMtn, **A Nnw 30-MHi Amplifler witli Two 
BondwidUu," O^ntral Htuho Krptrrwufder, July'Aufuat 
1967. 

* G 0 i*§rul Radio fixpenaunter. July-Augujit 1967, lUice 19. 
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^stem. It is now the recommended null 
aetector for the IG()2-B UlIF Admit¬ 
tance Meter, the KiOG Pn'cision TIIF 
Bridge, and the IG()7-A Transfer- 
I'unction and Immittance Bridge. 

As an .swR indicator with a slotted 
line, it is especially ustdul for mea.siircv 
ments on nonlinear elements, when a 
high degree of harmonic rejection and a 
small applied signal level are retiuired. 


The price table indicate.s the funda¬ 
mental-fretpiency covenige of the three 
ba.sic a.ss(Mnblies. These ranges can be 
extended through the use of oscillator 
harmonic.s, but with reduced sen.sitivdty 
and dynamic range. To cover a very 
wide fre(|uency range, one might order 
one complete detector plus the neces¬ 
sary oscillators and filters for the 
additional ranges desired. 


Detailed tpecificofienf on the I241 Heterodyne Detector opptor in Oenerol Radio Catalog T. 


Catalog Xumber 

FurulufuenUtl 

Fretfuency Hangr — M Hz 

MourUiftg 

Ftu e in 1 .SM 

1241.9700 

40-530 

Bench 

$1270.00 

1241-9701 

40 530 

Rock 

1295.00 

1241.9702 

190-950 

Bench 

1265 00 

1241-9703 

190-950 

Rock 

1295.00 

1241.9704 

870-2030 

Bench 

1565.00 

1241-9705 

870-2030 

Rock 

1610.00 


IMPROVED 

NBS CALIBRATION ACCURACY FOR 
COAXIAL IMPEDANCE (1-8 GHz) 


Accuracies of impedance measun?- 
ments in coaxial-line systems have 
been improved significantly in recent 
years by the Radio Standards labora¬ 
tory (Boul(h‘r, Colorado), of the NBS 
Institute for Basic Standards (F.S. 
Department of Commerce), and others. 
This improvement came primarily 
from the development of precision 
coaxial-line standards and preci.sion 
coaxial connectors, such as the 
GUlKK)^ series. According to an NBS 
release, “these devehtpments have in 
turn contributed toward improving 
measurement capabilities of coaxial 
slotted-line systems to the extent that 
very accurate measurements arc* now 
possible. Ermrs originally introduct*d 
by structural defects of slotted lines 


have l)et*n minimizi*d by the use* of 
precision made, coaxial slotted lines. 
Refinements in measurement U*ch- 
ni«|ue have helpc'd, in part, to nduce 
some systiunatic errors. 

“The.si* improvements, along with 
other good pnictices, make the meas¬ 
urement pos.sible of VSWR (X'oltage 
Standing Wave Ratio) up to 8 tlllz 
with an uncertainty in the ranges (»f 
O.l to I p<*rcent. 'The phase of the 
reHection-cfjetficient magnitude can 
be mea.sured with an uncertainty 
ranging from O.l degree to approxi¬ 
mately I d(‘gree. The.se uii(‘ertainties 
apply for coaxial im|>edance standards 
e<|uipped w ith the I l-mm preci¬ 
sion coaxial connector, where 
I ^ VSWR ^ 2, referred to oO ohms.” 
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NEW GR900-‘ ATTENUATOR, AIR LINES 


The iKsefuliiess of any connector typo 
<lopciids to a large extent on the nuin- 
lK»r of different things it can connect to, 
cither directly or through adaptors. In 
this respect, the precision 

coaxial (connector measures up very 
well, (leneral lUidio alone catalogs over 
fifty (lUlKK) com)>onents, ami the b:isic 
(iRlKK) connector is used on many 
devices made and sold by other manu¬ 
facturers. A full line of (ilitKK) adaptors 
provides access to all other popular 
(!0{ixial (tonnectors. 

The latest additions to the fast¬ 
growing GKlKK) line are a precision- 
fix4Hi attenuaUjr and two 3-cm air-line 
sections. 

Attenuator 

The accuracy of many microwave 
measurements (e.g., impedance, at¬ 
tenuation, pha.se, and power measure¬ 
ments) depends on the impedanoe 
mat(‘h of the generator and detector. 
Attenuators and pads are commonly 
u.sed for matching purposes, but the 
BWK of these devices is usually high 

26 


enough to limit the accuracy improv'e- 
ment obtainable. In precision applica¬ 
tions, the only recourse hzis l>een the 
u.sc of matching tuners and slow, 
point-by-point mcjisu remen is. 'I'lie new 
(ilttKK) attenuator, with an swii of less 
than l.(K)o -f O.OOo fo„j, eliminates 
the need for tuners in most applillations 
and makes possible accurate swept- 
fre(piency me^isurcmcnts. 

Attenuation of the l)00-(i(i is within 
0.2 dB of its nominal t>-dB value to 5 
GHz and within 0.3 dB of nominal to 
8.0 GHz. Since it is equippe<l with 
(111900 connectors, it can be accuraUdy 
cidibrated for use as a se<^ondary 
standard of attenuation. 

Air Lines 

The 900-I...3 Air Line and the 900-LZ3 
Reference Air Line have been added to 
the existing .series of air lines primarily 
to extend the usefulness of the series in 
prcci.se capacitance calibrations. Both 
units are 2-pF tw'o-port elements. 

The chief distinction betw’eon the tKK)- 
L air lines and the 900-LZ reference air 
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^es is one of precision. The reference 
.* lines contain no dielectric material 
to support the inner conductor, which 
must therefore be supported from the 
connectors to which the line is joined. 
This no-dielectric-support design af¬ 
fords the ultimate in accuracy but 
obviously recjuires more time and (;are 
in instaliation. The regular, iKX)-L air 
lines include dielectric .supports, which 
make them easier to u.se but whi(;h also 
intrwiuce uncertainties. (Simple, abso¬ 
lute calibration of capacitance purely 


on the basis of dimen.sion is not pos¬ 
sible, for instance.) 

The characteristics of the two types 
of air lines can be u.sed to complement 
one another. Where two reference air 
lines are to be used in series, some 
means of su{)porting the inner con¬ 
ductors must be insserted between the 
two lines. The short, l)(K)-L3, with its 
own diele(;tric-support,ed inu(»r con¬ 
ductor, will .serve ideally as a minimal- 
capacitance coupling between two refer¬ 
ence air lines. 


SPECIFICATIONS FOR TYPE 900-06 



FREQUENCY -6Mi 



Frequency Range: 0 to 8.5 (JHz. 

AHenuation: (>.00 :i: 0.2 (IB, 0 to 5 (Ulz; 
=b0.3 dB, 5 to 8.5 (JHz. 

SWR: <1.005 -t- 0.005 fa,„. 

Characterisfic Impedance: 50.0 li. 

Insertion-Loss Repeatability: diO.OOI (IB to 
30 MHz, ±0.002 (JB to I (JHz, ±0.0025 dB 
to 8.5 (JHz per connector. 


Oc Resistance; 50.0 ii ± 0.3% when terminated 
in 50.0 U. 

Max Power: l.O W continuous; peak, 500 W 
with 1-W avg. 

Temperature Coefficient: <0.0001 dB/®C/dB. 
Dimensions: 3^ X IK X I'/te in. (05 X 45 
X 27 mm). 

Net Weight: 11 oz (310 r). 


Detailed Specifications on the 900-L3 and -LZ3 Air Lines appear in General Radio Catalog T 


CaUdog Number 

Defter ijilion 

Price in USA 

0900-9850 

900-66 Precision Fixed Attenuator (6 dB) 

$175.00 

0900-9608 

900-L3 Precision Air Line 

63.00 

0900-9603 

900-LZ3 Reference Air Line 

76.00 
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GENERAL RADIO COMPANY 

WEST CONCORD, MASSACHUSETTS 01701 

SALES AND SERVICE 


Aim 

Albuquerque 
•Boston 
•Chicago 
Cleveland 
Bridgeport 
•Dallas 
Dayton 
Denver 
Detroit 
Houston 
Huntsville 
Indianapolis 
•Los Angeles 
Montreal 
New Haven 
•New York 


Orlando 
Ottawa 
Philadelphia 
San Diego 
San Francisco 
Seattle 
Syracuse 
•Toronto 

•Washmgton/Baltimore 


505 2550611 
617 646-0550 

312 992-0800 
216 886-0150 
203 377-0165 

214 ME7-2240 

513 434-6979 
303 447-9225 

313 261-1750 

713 622-7007 

205 883-2077 
317 636-3907 
213 469-6201 

514 737-3673 
203 377-0165 

(NY) 212 964-2722 
(NJ)201 943-3140 
305 425-4671 
613 233-4237 

215 646-8030 

714 232-2727 

415 948 8233 

206 GL4.7545 
315 454-9323 

416 247-2171 
301 946-1600 


'Repair services are available at these offices. 


GENERAL RADIO COMPANY (OVERSEAS) 
CH 8034 Ziirich 34, Switzerlarvd 

GENERAL RADIO GMBH 

08 MUnchen 80. West Germany 

GENERAL RADIO COMPANY (U.K.) LIMITED 
Bourne End Buckinohamahlre. England 

REPRESENTATIVES IN PRINCIPAL 
OVERSEAS COUNTRIES 
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